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(57) ABSTRACT 
The subject matter disclosed herein provides methods for 
reformatting a page due to a rollover. An in-memory array 
holding a column of data can be maintained. One or more 
pages can be maintained. Each page can have one or more 
rows for storing the column of data. The column of data in the 
in-memory array can be monitored for a change. A rollover 
can be performed on at least one of the pages based on the 
change. The rollover can reformat the at least one page by 
rewriting metadata associated with the at least one page. 
Related apparatus, systems, techniques, and articles are also 
described. 
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OPTIMIZED ROLLOVER PROCESSESTO 
ACCOMMODATE A CHANGE IN VALUE 
IDENTIFIER BT SIZE AND RELATED 

SYSTEMI RELOAD PROCESSES 

TECHNICAL FIELD 

0001. This disclosure relates generally to database storage 
and, in particular, to the reformatting of an on-disk page due 
to a rollover or a change in the bit size of an encoded value 
identifier in an in-memory array. 

BACKGROUND 

0002 Database sizes supported by commercially avail 
able database management systems (DBMS) continue to 
grow as the availability and cost per unit storage of disk-based 
storage and system memory increases. In general, a database 
can feature on-disk storage of data, in which data records are 
stored in one or more tables or other database structures on 
storage media (e.g. hard disks, optical storage, Solid state 
storage, or the like) and read into main system memory as 
needed to respond to queries or other database operations. 
Alternatively, a database can feature in-memory storage of 
data, in which data records are stored in main system memory. 
As costs of main system memory continue to decrease, the 
feasibility of significant use of in-memory features increases. 
However, data capacity requirements of database systems 
also continue to increase. As such, hybrid approaches that 
involve features of both in-memory and on-disk systems are 
also advantageous. 

SUMMARY 

0003 Methods and apparatus, including computer pro 
gram products, are provided for reformatting a page due to a 
rollover. 
0004. In one aspect, an in-memory array holding a column 
of data is maintained. One or more pages are also maintained. 
Each of the one or more pages has one or more rows for 
storing the column of data. The column of data in the in 
memory array is monitored for a change. A rollover is per 
formed on at least one of the one or more pages based on the 
change. The rollover reformats the at least one page by rewrit 
ing metadata associated with the at least one page. 
0005. The above methods, apparatus, and computer pro 
gram products may, in some implementations, further include 
one or more of the following features. 
0006. The change can be an increase in a number of bits in 
a plurality of values in the column of data. 
0007. The rollover can be performed only on pages that 
have not materialized. A page can be materialized when a 
plurality of values in the column of data is copied from the 
in-memory array to the page. 
0008. Whether the rollover requires one or more addi 
tional pages to accommodate the reformatting can be deter 
mined. The one or more additional pages can be allocated 
before the rollover is performed. 
0009. The performing the rollover can include creating a 
new set of pages, formatting the new set of pages based on the 
rollover, materializing data from the in-memory array to the 
new set of pages, linking a last non-rolled over page to the 
new set of pages, and deleting the at least one page. 
0010. The at least one page can be loaded to the 
in-memory array during a system restart. 
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0011. The loading can include adding a new column to the 
in-memory array. A plurality of values in the new column can 
be populated with at least one of a null value and a default 
value. 
0012. The loading can also determine whether the column 
in the in-memory array has been deleted. Data may not be 
copied from the at least one page based on the determining. 
0013 Non-transitory computer program products (i.e., 
physically embodied computer program products) are also 
described that store instructions, which when executed by one 
or more data processors of one or more computing systems, 
causes at least one data processor to perform operations 
herein. Similarly, computer systems are also described that 
may include one or more data processors and memory 
coupled to the one or more data processors. The memory may 
temporarily or permanently store instructions that cause at 
least one processor to perform one or more of the operations 
described herein. In addition, methods can be implemented 
by one or more data processors either within a single com 
puting system or distributed among two or more computing 
systems. Such computing systems can be connected and can 
exchange data and/or commands or other instructions or the 
like via one or more connections, including but not limited to 
a connection over a network (e.g. the Internet, a wireless wide 
area network, a local area network, a wide area network, a 
wired network, or the like), via a direct connection between 
one or more of the multiple computing systems, etc. 
0014. The subject matter described herein provides many 
technical advantages. For example, in Some implementations, 
when the bit size of a value identifier changes (e.g., increases 
in size), then the corresponding representation of the value 
identifier in an in-memory array and on one or more pages can 
also change. This change can, for example, reformat the 
pages. In some implementations, the reformatting process 
can be limited to unmaterialized pages. Excluding material 
ized pages from this process can prevent the rewriting of 
materialized data already persisted to disk. Other implemen 
tations of the instant Subject matter provide processes for 
reloading a system from persisted data. These processes can 
account for system irregularities including, for example, any 
mismatch in column data between the in-memory array and a 
materialized page. 
0015 The details of one or more variations of the subject 
matter described herein are set forth in the accompanying 
drawings and the description below. Other features and 
advantages of the subject matter described herein will be 
apparent from the description and drawings, and from the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The accompanying drawings, which are incorpo 
rated herein and constitute a part of this specification, show 
certain aspects of the Subject matter disclosed herein and, 
together with the description, help explain some of the prin 
ciples associated with the subject matter disclosed herein. In 
the drawings, 
0017 FIG. 1 is a diagram illustrating features of a business 
Software system architecture; 
0018 FIG. 2 is another diagram illustrating features of a 
business Software system architecture; 
0019 FIG. 3 is a schematic representation of fragments 
stored in a main store; 
0020 FIG. 4 is a diagram illustrating features of a unified 
table container page chain; 
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0021 FIG. 5 is a diagram illustrating features of a unified 
table delta; 
0022 FIG. 6 is a diagram illustrating features of a unified 
table unsorted dictionary; 
0023 FIG. 7 is a functional block diagram illustrating a 
delta merge operation and a read operation using a unified 
table; 
0024 FIG. 8 is a functional block diagram of a system 
architecture having a memory array and an on-disk page 
Structure: 
0025 FIG. 9 is a schematic representation of a page: 
0026 FIGS. 10A and 10B are schematic representations 
of a memory array and its mirrored pages before and after a 
rollover process, respectively; 
0027 FIGS. 11A and 11B are schematic representations 
of the effects of a rollover process on materialized pages and 
processes for reducing these effects; 
0028 FIG. 12 is a schematic representation of a memory 
array and its mirrored page during a system reload; 
0029 FIG. 13 is another schematic representation of a 
memory array and its mirrored page during a system reload; 
and 
0030 FIG. 14 is a flowchart for performing a rollover. 
0031. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0032. The current subject matter includes a number of 
aspects that can be applied individually or in combinations of 
one or more such aspects to Support a unified database table 
approach that integrates the performance advantages of in 
memory database approaches with the reduced storage costs 
of on-disk database approaches. The current Subject matter 
can be implemented in database systems using in-memory 
OLAP, for example including databases sized at several ter 
abytes (or more), tables with billions (or more) of rows, and 
the like; systems using in-memory OLTP (e.g. enterprise 
resource planning or ERP system or the like, for example in 
databases sized at several terabytes (or more) with high trans 
actional Volumes; and systems using on-disk OLAP (e.g. "big 
data, analytics servers for advanced analytics, data ware 
housing, business intelligence environments, or the like), for 
example databases sized at several petabytes or even more, 
tables with up to trillions of rows, and the like. 
0033. Further, the current subject matter is related and is 
directed to many aspects as described herein and, in addition, 
in the following patent application filed concurrently here 
with on Nov. 25, 2014 entitled: “In-Memory Database Sys 
tem Providing Lockless Read and Write Operations for 
OLAP and OLTP Transactions” by inventors Anil Kumar 
Goel, Ivan Schreter, Juchang Lee, Mihnea Andrei (attorney 
docket number 54874-063F01US/141088US01), the con 
tents of which are hereby fully incorporated by reference. 
0034. The current subject matter can be implemented as a 
core software platform of an enterprise resource planning 
(ERP) system, other business software architecture, or other 
data-intensive computing application or software architec 
ture that runs on one or more processors that are under the 
control of a specific organization. This arrangement can be 
very effective for a large-scale organization that has very 
Sophisticated in-house information technology (IT) staff and 
for whom a sizable capital investment in computing hardware 
and consulting services required to customize a commercially 
available business Software solution to work with organiza 
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tion-specific business processes and functions is feasible. 
FIG. 1 shows a diagram 100 of a system consistent with such 
an implementation. A computing system 110 can include one 
or more core software platform modules 120 providing one or 
more features of the business software system. The comput 
ing system can also aggregate or otherwise provide a gateway 
via which users can access functionality provided by one or 
more external software components 130. Client machines 
140 can access the computing system, either via a direct 
connection, a local terminal, or over a network 150 (e.g. a 
local area network, a wide area network, a wireless network, 
the Internet, or the like). 
0035. A database management agent 160 or other compa 
rable functionality can access a database management system 
170 that stores and provides access to data (e.g. definitions of 
business Scenarios, business processes, and one or more busi 
ness configurations as well as data, metadata, master data, etc. 
relating to definitions of the business scenarios, business pro 
cesses, and one or more business configurations, and/or con 
crete instances of data objects and/or business objects that are 
relevant to a specific instance of a business Scenario or a 
business process, and the like. The database management 
system 170 can include at least one table 180 and additionally 
include parallelization features consistent with those 
described herein. 

0036 FIG.2 shows a block diagram of anarchitecture 200 
illustrating features that can be included in a database or 
database management system consistent with implementa 
tions of the current subject matter. A table data store 202, 
which can be retained among a plurality of data Volumes 204. 
can include one or more of a delta Store 206 (e.g. a paged delta 
part, which can optionally be OLTP optimized and can 
optionally include a merge process 208), an index store 212 
(e.g. one or more segmented indices), and a main store 210. 
The main store 210 can include a main part that is fragmented 
consistent with features described herein. 
0037 To achieve a best possible compression and also to 
Support very large data tables, a main part of the table can be 
divided into one or more fragments. FIG.3 shows a schematic 
representation 300 of the various fragments stored in main 
store 210. One or more main fragments or fragments 330 can 
be used for each table or column of a database. Small, man 
ageable tables can be represented with a single fragment. Very 
large tables can be split into two or more table partitions 335. 
Each table partition may, in turn, include two or more frag 
ments 330. Fragments 330 can be horizontal slices of the table 
to which they belong. Each fragment 330 can include one or 
more column fragments 340. Each column fragment 340 can 
have its own dictionary and value ID array consistent with the 
features described herein. 
0038 Fragments 330 can advantageously be sufficiently 
large to gain maximum performance due to optimized com 
pression of the fragment and high in-memory performance of 
aggregations and scans. Conversely, such fragments can be 
Sufficiently small to load a largest column of any given frag 
ment into memory and to sort the fragment in-memory. Frag 
ments can also be sufficiently small to be able to coalesce two 
or more partially empty fragments into a smaller number of 
fragments. As an illustrative and non-limiting example of this 
aspect, a fragment can contain one billion rows with a maxi 
mum of 100 GB of data per column. Other fragment sizes are 
also within the scope of the current Subject matter. A fragment 
can optionally include a chain of pages. In some implemen 
tations, a column can also include a chain of pages. Column 
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data can be compressed, for example using a dictionary and/ 
or any other compression method. Table fragments can be 
materialized in-memory in contiguous address spaces for 
maximum performance. All fragments of the database can be 
stored on-disk, and access to these fragments can be made 
based on an analysis of the data access requirement of a query. 
0039 Referring again to FIG. 2, other parts of the archi 
tecture 200 can include a data manipulation language (DML) 
handling module or similar functionality 214, one or more 
query handling modules or similar functionality 216 (e.g. 
including multi-version concurrency control), an index 
builder 220 that supports the index store 212, a query lan 
guage engine 222 (which can, for example, be a SQL engine), 
a complex events processing module (e.g. an event handler, a 
stream processing module, etc.) 224 for receiving inputs from 
a user 226, and the like. 
0040 FIG. 4 shows a block diagram illustrating an 
example of a unified table container page chain 400. As 
described above, each fragment can optionally include a 
chain of pages. In general, a container can be represented as a 
page chain. A page chain can generally be characterized as a 
set of pages that are linked in a given order. The term pages, 
as used herein, refers to a basic unit of storage in a database. 
A page size is generally established when the database is built 
and typically cannot be changed. A representative page size 
can be on the order of 2 kB, 4 kB, 8 kB, 16 kB, or the like. 
Once the server is built, the value usually cannot be changed. 
Different types of pages can store different types of database 
objects. For example, data pages can store data rows or col 
umns for a table. Index pages can store index rows for one or 
more levels of an index. Large object (LOB) pages can store 
data for text and image columns, for Java off-row columns, 
and the like. While FIG. 4 illustrates a single page chain 400, 
multiple page chains can be used. In some implementations, 
the multiple page chains can be arranged in accordance with 
a hierarchy. 
0041. Also as shown in FIG. 4, sub-chains of the page 
chain can be defined for a delta part, a main part, dictionaries, 
index segments (optionally, not shown in FIG. 2), and the like 
such that a “whole' of each of these entities contains one or 
more pages. In some implementations of the current Subject 
matter, a delta part can include both “hot” delta fragments 402 
and “cold delta fragments 404, which can be stored sepa 
rately. The main part can also be Subdivided into main frag 
ments 330. Pages containing dictionary-compressed colum 
nar data 410 can refer to pages containing dictionaries for 
them. Individual table parts can be loaded into main memory 
on-demand. A merge process can be decoupled from transac 
tion handling Such that a merge process can be executed at 
recovery time (e.g. during log replay). A page chain, Such as 
the example shown in FIG.4, can be initiated by a container 
directory entry (CDE)412. 
0.042 A single RowlD space can be used across pages in a 
page chain. A RowlD, which generally refers to a logical row 
in the database, can be used to refer to a logical row in an 
in-memory portion of the database and also to a physical row 
in an on-disk portion of the database. A row index typically 
refers to physical 0-based index of rows in the table. A 
0-based index can be used to physically address rows in a 
contiguous array, where logical RowlDS represent logical 
order, not physical location of the rows. In some in-memory 
database systems, a physical identifier for a data record posi 
tion can be referred to as a UDIV or DocID. Distinct from a 
logical RowlD, the UDIV or DocID (or a comparable param 

May 26, 2016 

eter) can indicate a physical position of a row (e.g. a data 
record), whereas the RowlD indicates a logical position. To 
allow a partition of a table to have a single RowlD and row 
index space consistent with implementations of the current 
Subject matter, a Row ID can be assigned a monotonically 
increasing ID for newly-inserted records and for new versions 
of updated records across fragments. In other words, updating 
a record will change its RowlD, for example, because an 
update is effectively a deletion of an old record (having a 
RowlD) and insertion of a new record (having a new RowlD). 
Using this approach, a delta Store of a table can be sorted by 
RowlD, which can be used for optimizations of access paths. 
Separate physical table entities can be stored per partition, 
and these separate physical table entities can be joined on a 
query level into a logical table. 
0043. When an optimized compression is performed dur 
ing a columnar merge operation to add changes recorded in 
the delta store to the main store, the rows in the table are 
generally re-sorted. In other words, the rows after a merge 
operation are typically no longer ordered by their physical 
row ID. Therefore, stable row identifier can be used consistent 
with one or more implementations of the current Subject 
matter. The stable row identifiers can optionally be a logical 
RowlD. Use of a stable, logical (as opposed to physical) 
RowID can allow rows to be addressed in REDO/UNDO 
entries in a write-ahead log and transaction undo log. Addi 
tionally, cursors that are stable across merges without holding 
references to the old main version of the database can be 
facilitated in this manner. To enable these features, a mapping 
of an in-memory logical RowlD to a physical row index and 
Vice versa can be stored. In some implementations of the 
current subject matter, a RowlD column can be added to each 
table. The RowlD column can also be amenable to being 
compressed in some implementations of the current Subject 
matter. 

0044 FIG. 5 shows a block diagram of a unified table delta 
500 consistent with one or more implementations of the cur 
rent subject matter. In some examples, a “hot” and “cold 
delta approach can be used in which uncompressed data are 
retained in the “hot” delta part, while dictionary-compressed 
data are retained in the “cold delta part with a mini-merge 
performed between the hot and cold parts. Such a delta part 
can be considered as a single container. As shown in FIG. 5, 
each delta Sub-chain can have its own transient structure. In 
other words, a separate structure can be used for each delta. A 
page vector 502 can hold page handles to individual pages 
504 and can allow a fast iteration over the pages 504 (for 
example as part of a column or table scan). A page handle to 
an individual page 504 can include a pin or the like held in 
memory. As used herein, the term “pin” refers to holding a 
particular data page (which may also have been stored on 
disk) in memory. As an example, if a page is not pinned, it can 
be cleared from memory. Pinning is typically done on data 
pages being actively accessed so as to avoid potential perfor 
mance degradations associated with reading the page from 
disk into memory. 
0045. A RowID index 506 can serve as a search structure 
to allow a page 504 to be found based on a given interval of 
RowlD values. The search time can be on the order of log n. 
where n is very small. The RowlD index can provide fast 
access to data via RowlD values. For optimization, “new” 
pages can have a 1:1 association between RowlD and row 
index, so that simple math (no lookup) operations are pos 
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sible. Only pages that are reorganized by a merge process 
need a RowlD index in at least some implementations of the 
current Subject matter. 
0046 FIG. 6 shows a block diagram of a unified table 
unsorted dictionary 600. Consistent with one or more imple 
mentations of the current Subject matter, column data in a 
delta part can use unsorted dictionaries. A transient structure 
can be provided per delta column dictionary. The page vector 
502 can handle pinning of pages in memory. Direct access can 
be provided via a pointer from other structures. A value vector 
indirection 602 can allow a same number of values per dic 
tionary block 604. This capability can support an order of 1 
performance cost for lookup of a value by ValueID. A dictio 
nary can assign a unique ValueID (typically a numeric value) 
to each unique value Such that the unique values (which are 
typically larger in memory size than the ValueID) can be 
stored once rather than multiple times. A value array is a 
structure used by the dictionary to retrieve values given a 
ValueID or vice versa. This technique, which can reduce the 
amount of memory needed to store a set of values where the 
values are not unique, is typically referred to as dictionary 
compression. A Value to ValueID map 606 can support hash 
or B-tree sizes on the order of 1 or on the order of log n for 
lookup of ValueID by value. A B-tree is a tree data structure 
that keeps data sorted and allows searches, sequential access, 
insertions, and deletions in logarithmic time. This capability 
can be necessary for dictionary compression. A B-tree can be 
better for range scans but can be more expensive to maintain. 
0047 FIG. 7 shows a functional block diagram 700 for 
performing a delta merge operation 710 on a unified table. 
New transactions or changes can initially be written into delta 
store 206. Main store 210 can include one active fragment 712 
and one or more closed fragments 716. When updates are 
merged from delta store 206 into the main store 210, existing 
records in the closed fragments 716 cannot be changed. 
Instead, new versions of the records can be added to the active 
fragment 712, and old versions can be marked as invalid. 
0048. Functional block diagram 700 also illustrates a read 
operation 720. Generally, read operations can have access to 
all fragments (i.e., active fragment 712 and closed fragments 
716). Read operations can be optimized by loading only the 
fragments that contain data from a particular query. Frag 
ments that do not contain Such data can be excluded. In order 
to make this decision, container-level metadata (e.g., a mini 
mum value and/or a maximum value) can be stored for each 
fragment. This metadata can be compared to the query to 
determine whether a fragment contains the requested data. 
0049 FIG. 8 is a functional block diagram of a system 
architecture 800 consistent with implementations of the cur 
rent subject matter. System 800 combines the benefits of a 
traditional disk/page based system with the fast memory 
access available in an in-memory database system, such as 
SAP's High Performance Analytic Appliance (HANA) data 
base system. System 800 can include an in-memory array, 
such as memory array 805, that can store data associated with 
a column of a table. In some implementations, the memory 
array 805 can include contiguous blocks of memory 
addresses. While the memory array 805 is illustrated as hav 
ing a single column in the implementation of FIG. 8, any 
number of columns can be included. Each memory address 
can include a value. This value can be a ValueID that is 
representative of a data value. Such as a first name as illus 
trated in the implementation of FIG.8. The memory array805 
can also include a starting memory address associated with 
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the first element 807 in the memory array that can be stored as 
metadata. Once the starting memory address is known, trans 
action threads can quickly Scan, search, or read the memory 
array 805 as each element in the memory array is sequentially 
stored at adjacent memory addresses. 
0050 Reading and writing individual pages (or blocks of 
rows on a given page), however, can be problematic when 
some of the data is not in the memory array 805. In an 
in-memory database system, Such as HANA, the in-memory 
array can be persisted to disk in a serial manner using a series 
of pages. Because this data is serially written to disk by 
breaking the data up across one or more pages, there may be 
no correlation between the data and the page that it is on. As 
Such, random access to a particular data value or ValueID may 
not be supported. If, for example, only a specific ValueID is 
needed during a read or write operation, the entire sequence 
of pages may be loaded into the in-memory array which can 
be time consuming. 
0051. In order to overcome this deficiency, implementa 
tions of the current Subject matter mirror the memory array 
805 into a separate page based layout, such as pages 810A, 
810B, and 810C, when persisting the memory array to disk. 
Using pages 810A, 810B, and 810C allows system 800 to take 
advantage of the disk optimized features associated with a 
disk/page based system. Pages 810A, 810B, and 810C Sup 
port a lookup mechanism that can track the location of pages 
in memory. This lookup mechanism can be helpful because 
pages 810A, 810B, and 810C may not be sequentially stored 
in memory. In some implementations, this lookup mechanism 
can use a hash table that correlates page numbers and the 
contents of each page to memory addresses. Because indi 
vidual pages can be easily located via this lookup mechanism, 
system 800 can load individual pages or blocks of rows on 
individual pages into the memory array 805. This capability 
can be useful during a system restore process. If, for example, 
a specific row of data or a subset of rows needs to be restored 
to the memory array 805 after the system 800 shuts down, this 
subset of rows can be copied and loaded from at least one of 
pages 810A, 810B, and 810C. Unlike an in-memory database 
system which may require all of the rows on pages 810A, 
810B, and 810C to be loaded to the memory array 805, 
implementations of the instant Subject matter Support random 
access of data. As such, only the desired Subset of rows may 
be loaded into the memory array 805. Mirroring the memory 
array 805 into pages 810A, 810B, and 810C paginates the 
memory array in a manner that Supports random access of 
individual pages and individual rows on pages without requir 
ing the system 800 to serialize all of the data when loading the 
data back to the memory array. 
0.052 FIG. 9 illustrates a schematic representation of a 
page 900. Page 900 includes a page header 905 that provides 
general information regarding the page. This information can 
include, for example, the page number, the RowlD value of 
the first row, the number of rows and/or columns on the page 
900, and the like. Page 900 can also include several fields that 
hold column information 910. Generally, each column has its 
own column information field 910. The column information 
field 910 can include information representative of the col 
umn including, for example, a column identifier, the type of 
encoding present in the column, the location of the corre 
sponding column data on the page, and the like. Page 900 can 
also include blocks 915 of column data. Because column data 
blocks 915 store data of varying size, the column data blocks 
can also vary in size. In some implementations, page 900 may 
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not include any blocks 915 of column data at all. In these 
implementations, the metadata in the column information 
field 910 may be sufficient to reconstruct the data in memory. 
This scenario can occur when all of the values in the column 
are set to null or 0. This scenario can also occur when the 
column information field 910 of a column indicates that an 
identity property applies to the column. As described above 
with respect to FIG. 8, the data (i.e., the ValueIDs) in memory 
array 805 can be copied to pages 810A, 810B, and 810C and 
stored at various row positions as indicated by column data 
blocks 915. When the identity property applies, the ValueID 
may be equal to the row position. For example, a ValueID of 
1 may be stored at row position 1 on the page, a ValueID of 2 
may be stored at row position 2 on the page, and so on. 
Because the ValueID is equal to the row position, there may be 
no need to store the ValueID as it can be reconstructed from 
the row position. Consequently, the corresponding block 915 
of column data may be empty. 
0053. The contents of column data blocks 915 can be 
similar to the contents of memory array 805. As described 
above with respect to dictionary 600, a dictionary can assign 
a unique ValueID to each dictionary entry. This unique Val 
ueID is typically a numeric value represented by a string of 
bits. The number of bits used to represent the ValueID (i.e., 
the N-bit value ID) can depend on the number of unique 
values in the dictionary. Like dictionary 600, the data stored 
in memory array 805 can also include N-bit value IDs. When 
the data values in memory array 805 are copied to pages 
810A, 810B, and 810C, the data can be copied directly using 
its native N-bit encoded values. By keeping these data values 
in their native N-bit format both the memory array 805 and 
the pages 810A, 810B, and 810C, no additional processing or 
translation is required to convert these data values between 
different formats (e.g., expanding and compressing the data 
values to/from a 32-bit integer format). This configuration 
can allow system 800 to reduce or minimize the amount of 
time associated with the copying process. 
0054 Abit copy mechanism can be used to copy data from 
memory array 805 to pages 810A, 810B, and 810C. Memory 
copies generally start at byte boundaries. During these opera 
tions, copying may begin at a source byte and end at a desti 
nation byte. Sometimes, however, the data to be copied may 
be located within the middle of a byte or span multiple bytes. 
For example, in the implementation of FIG. 8, ValueIDs 105, 
501, 235, and 481 may be located within a contiguous block 
within memory array 805 that begins in the middle of a byte. 
If, for example, copying is limited to byte boundaries, then 
these values may be truncated. Rather than limit data copying 
to the byte boundaries, the bit copy mechanism can start the 
copying process anywhere within the byte. For example, if it 
is known that ValueIDS 105,501, 235, and 481 start and end 
at particular bits, data copying can be limited to these bits. In 
Some implementations, these start and end bits may coincide 
with the start and end points of a memory byte or may reside 
within one or more different memory bytes. Bit copy can also 
facilitate N-bit encoding of ValueIDs. Pages can contain a 
range of row positions (e.g., a page may have row positions 
100 to 200). With N-bit encoding, row position 100 may begin 
several bits into a given byte or may span multiple bytes. The 
bit copy mechanism copies row positions 100 to 200 even if 
these row positions do not coincide with byte boundaries. 
0055. A dedicated thread can copy the data values from 
memory array 805 to one or more of pages 810A, 810B, and 
810C. Specifically, this thread can flush the data values from 
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memory array 805 to one or more of pages 810A, 810B, and 
810C using different materialization techniques. Data mate 
rialization refers to the process by which data values are 
copied from a memory layout (such as memory array 805) to 
a page layout (such as pages 810A, 810B, and 810C). When 
a transaction thread is trying to inserta data value into a table, 
the transaction thread can write this data value directly into 
memory array 805. In order to later copy this data value to one 
of pages 810A, 810B, and 810C, the transaction thread may 
need to reserve one or more rows on these pages to store this 
data value. Reserving a row on a page allows data values to be 
copied to the row at a later time and indicates that the row 
positions on the page are in use. Upon reserving a row on a 
page, the transaction thread may mark the page as pending 
materialization. Each page can have a corresponding control 
structure that is stored in System memory. This control struc 
ture can store information representative of the runtime tran 
sient status of the page. This status can include whether the 
page is ready for materialization and can be represented using 
a pending materialization bit. The value of the pending mate 
rialization bit can indicate whether the page needs to be 
materialized. Upon determining that a page is pending mate 
rialization, the flusher thread can materialize the data and 
clear the pending materialization bit. By delegating data 
materialization responsibilities to a dedicated flusher thread, 
the transaction thread does not have to write data values to 
both the memory array 805 and to one of pages 810A, 810B, 
and 810C. This configuration allows the transaction thread to 
perform its transaction quickly which, in turn, can lead to 
good system transaction throughput. 
0056. In some implementations, a rollover may be 
required if the number of bits used to represent the N-bit value 
IDS changes (e.g., increases or decreases). During runtime, 
various transactions threads can insert new data records into 
the memory array 805. Each new data record can include, for 
example, a new first name value. As the number of unique first 
name values increases, the number of bits used to represent 
each corresponding N-bit value ID can also increase. 
0057 For example, a 1-bit value ID (e.g., 0 or 1) can 
represent two unique first name values (e.g., David and John). 
During runtime, transaction threads can add two additional 
unique first name values (e.g., Eric and Nancy), for example. 
In order to accommodate the increased number of first name 
values, additional bits may be needed to uniquely encode 
each N-bit value ID. In this example, a 2-bit value ID (i.e., 00, 
01, 10, or 11) can uniquely represent all four first names. 
Accordingly, the number of bits used to encode the N-bit 
value ID can increase from 1 bit to 2 bits as the number of first 
name values grows. 
0058 FIGS. 10A and 10B illustrate a schematic represen 
tation of a memory array and its mirrored pages before and 
after a rollover process, respectively. FIG. 10A includes a 
memory array 1005A that holds two columns (i.e., "Column 
1 and “Column 2) of data values for row positions 0 to 150. 
Before the rollover, column 1 can have 2-bit value IDs. These 
two bits are represented by two dashes. Column 2 can have 
3-bit value IDs, as represented by the three dashes. As 
described above, the data values in memory array 1005A can 
be materialized to at least one of pages 1030A, 1035A, and 
1040A. Pages 1030A, 1035A, and 1040A can form a chain of 
pages as illustrated by the arrows in between each page. Page 
1030A can accommodate data values in row positions 0 to 50: 
page 1035A can accommodate data values in row positions 
51 to 100; and page 1040A can accommodate data values in 
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row positions 101 to 150. Pages 1030A, 1035A, and 1040A 
can be laid out to accommodate a 2-bit value ID in column 
data block area 1032A for column 1 and a 3-bit value ID in the 
column data block area for column 2. 

0059. If the number of bits in a ValueID changes due to a 
rollover, then the encoded values in the memory array and 
pages can also change. In the implementation of FIG. 10A, a 
rollover can occur at row position 110, for example. This 
rollover can increase the number of bits for the ValueIDs in 
column 1 from two bits to three bits, for example. As illus 
trated in FIG. 10B, this rollover can be reflected in memory 
array 1005B. Specifically, each of the data values in column 1 
can include a 3-bit value ID, as represented by the three 
dashes. The number of bits for the data values in column 2, 
however, can remain the same as the rollover may only affect 
the data values in column 1. 

0060. The core software platform 120 can propagate the 
increase in ValueID bit size in column 1 to the mirrored pages. 
Generally, data that has been materialized to a page is guar 
anteed to remain unchanged. As such, a rollover can only 
affect pages that have not been materialized (i.e., pages that 
are still pending materialization). If, for example, pages 
1030B and 1035B have already been materialized, then these 
pages cannot be affected by the rollover. As illustrated in 
FIGS. 10A and 10B, the layout of pages 1030A and 1035A 
can be identical to the layout of pages 1030B and 1035B, 
respectively. On both sets of pages, the number of rows occu 
pied by column 1 and column 2 in column data block area 
1032B can be the same. If, however, page 1040A is pending 
materialization, then core software platform 120 can reformat 
this page to accommodate the increase in ValueID bit size. A 
page can be reformatted by rewriting the metadata on the page 
which, in turn, can change the way the page is laid out. 
Metadata can include the contents in the page header and the 
column information blocks, as described above with respect 
to FIG. 9. Reformatting a page can change the number of 
bytes needed to represent the same number of rows of a given 
column. As illustrated in FIGS. 10A and 10B, the number of 
rows associated with column 1 in column data block area 
1032A on page 1040A can increase such that column 1 occu 
pies more rows (i.e., row positions) in column data block area 
1032B on page 1040B. Moreover, because the size of the page 
is fixed, the capacity of the page (i.e., the number of rows or 
row positions on the page) can change. Generally, reformat 
ting can cause page capacity to decrease. Given this change in 
page capacity, the number of rows covered by or included on 
the page can also change. Generally, the number of rows on 
the page can decrease. In the implementation of FIGS. 10A 
and 10B, the number of rows covered by page 1040A can 
decrease from 50 rows (i.e., row positions 101 to 150) to 25 
rows as illustrated on page 1040B (i.e., row positions 101 to 
125). Because row positions 126-150 no longer fit on page 
1040B, a new page can be allocated to accommodate these 
rows. In the implementation of FIG. 10B, newly allocated 
page 1040C can accommodate row positions 126-150. 
0061. In some implementations, the rollover of a page can 
affect already materialized pages. FIG. 11A illustrates a 
memory array 1105 and pages 1110, 1115, 1120, and 1125. 
Pages 1110, 1115, 1120, and 1125 can form a chain of pages 
as illustrated by the arrows in between each page. An in 
memory array, Such as memory array 1105, can include a 
single column (i.e., "Column 1”) of ValueIDs for row posi 
tions 0 to 200. If, for example, the number of bits that repre 
sent the ValueIDs in column 1 increases, then a rollover can 
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occur, as described above. In the implementation of FIG. 
11A, page 1115 can be pending materialization, while pages 
1110, 1120, and 1125 may have already materialized. Rolling 
over or reformatting page 1115 can change the manner in 
which this page is laid out. In some scenarios, these changes 
can have a spillover effect that can impact succeeding pages 
in the chain, such as pages 1120 and 1125. For example, if the 
page capacity of page 1115 decreases, then the number of 
rows on this page can also decrease. This decrease in the 
number of rows can have a spillover effect onto materialized 
pages 1120 and 1125. 
0062. In order to anticipate this need, the core software 
platform 120 can be configured to determine the impact of a 
rollover before it begins reformatting pages. For example, 
before the core software platform 120 reformats pages 1115, 
1120, and 1125, it can first determine whether any additional 
memory resources (e.g., pages) are needed to accommodate 
the rollover. The core software platform 120 can make this 
determination by calculating, for example, the number of 
rows that may spillover onto a succeeding page, the number 
of rows on the Succeeding page, and whether additional pages 
are needed to accommodate the spillover rows. Once these 
additional memory resources are determined and allocated, 
the core software platform 120 can then reformat pages 1115, 
1120, and 1125. 
0063. In the implementation of FIG. 11A, the core soft 
ware platform 120 can reformat page 1115 and materialized 
pages 1120 and 1125. In some implementations, however, the 
core software platform 120 can keep materialized pages 1120 
and 1125unmodified. This arrangement can reduce the risk of 
damaging any persisted data on the materialized pages as 
illustrated in the implementation of FIG. 11B. 
0064. In FIG. 11B, the core software platform 120 can 
create and format new pages 1117, 1130, 1135, and 1140 in 
accordance with the post-rollover layout rather than reformat 
the original pages 1115, 1120 and 1125. The core software 
platform 120 can determine the impact of the rollover on page 
1115 including, for example, the post-rolloverlayout of pages 
1115, 1120, and 1125. In doing so, the core software platform 
120 may determine that the capacity of these pages may 
decrease, for example. Whereas row positions 51 to 300 were 
spread over three pages (i.e., pages 1115, 1120, and 1125) 
before the rollover, four pages may be needed after the roll 
over (i.e., pages 1117, 1130, 1135, and 1140) to account for 
the decrease in page capacity. Upon making this determina 
tion, the core software platform 120 can create new blank 
pages 1117, 1130, 1135, and 1140 and format these pages in 
accordance with the post rollover-layout. In the implementa 
tion of FIG. 11B, reformatted page 1117 can accommodate 
row positions 51 to 75; reformatted page 1130 can accommo 
date row positions 76 to 150; reformatted page 1135 can 
accommodate row positions 151 to 240; and reformatted page 
1140 can accommodate row positions 241 to 300. Page 1110 
can remain the same as it may not be affected by the rollover. 
0065. After pages 1117, 1130, 1135, and 1140 are format 
ted, a flusher thread can materialize data from the memory 
array 1105 to these pages. The flusher thread can use a native 
N-bit copy mechanism, as described above. In implementa 
tions where memory array1105 does not exist or is otherwise 
unavailable, the core software platform 120 or a flusher thread 
can copy the data from the old pages 1115, 1120, and 1125 to 
the new pages 1117, 1130, 1135, and 1140. This copy process 
can include a format conversion for any columns having a 
new format or encoding. For example, if the ValueIDs in 
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column 1 change from a 2-bit encoding in the old pages 1115. 
1120, and 1125 to a 3-bit encoding in the new pages 1117. 
1130, 1135, and 1140, then the copy process can append an 
extra bit to the ValueIDs in the new pages. A native N-bit copy 
mechanism can be used when there is no change in the num 
ber of bits in the ValueIDS. 

0066. After data is materialized to the new pages 1117. 
1130, 1135, and 1140, the core software platform 120 can 
sever the link between the last non-rolled overpage (i.e., page 
1110) and original page 1115, as represented by the “X” over 
the arrow connecting these pages. In its place, the core soft 
ware platform 120 can create a new link between the last 
non-rolled over page (i.e., page 1110) and reformatted page 
1117, as represented by the dashed arrow connecting these 
pages. The core software platform 120 can change these links 
by redirecting a pointer on page 1110 to point to page 1117 
instead of page 1115, for example. Once this new link is 
established, the core software platform 120 can discard pages 
1115, 1120, and 1125. 
0067. In some implementations, the data on materialized 
pages can be used to reload or restore the data in the memory 
array. Referring to FIG. 8, system 800 can be restored by 
loading persisted transactions from materialized pages 810A, 
810B, and 810C back into memory array 805. In some sce 
narios, however, the data in the materialized pages 810A, 
810B, and 810C may not match the data on the memory array 
805. These scenarios can occur, for example, when a column 
is added to or deleted from the memory array after the mir 
rored pages have materialized. These scenarios can also occur 
when the N-bit encoding in a memory array is larger than the 
encoding on the corresponding data page. This mismatch can 
occur when a rollover is performed on a memory array after 
its corresponding page has been materialized and unloaded. 
As a result, the page may have 3-bit value IDs, while the 
memory array may have 7-bit value IDs. Different processes 
can be used to account for these mismatches as described 
below. 
0068 FIG. 12 illustrates a system 1200 that includes a 
memory array 1205. Memory array 1205 can include three 
columns of data (i.e., "Column A,” “Column B. and “Col 
umn C). System 1200 can also include a page 1210 that can 
have a page header 1215, column information fields 1220, 
and column data blocks 1230. When page 1210 is material 
ized, it can initially contain column information fields 1220 
and column data blocks 1230 for columns A and B. Column 
C may not be included in page 1210 if, for example, a trans 
action thread added this column to the memory array 1205 
after the page was materialized. 
0069. During a system reload, the core software platform 
120 can compare the column IDs in the column information 
fields 1220 to the columns in memory array 1205. In doing so, 
the core software platform 120 can determine that column 
information fields 1220 can be associated with columns A and 
B. This determination can be made based on the presence of 
a column identifier in each column information field 1220. 
Since memory array 1205 has matching columns A and B, the 
core software platform 120 can copy the encoded ValueIDs 
from column data blocks 1230 into the memory array 1205 to 
reload the contents of these columns. 
0070 The above comparison can also yield a mismatched 
column, however. As described above, memory array 1205 
can include a third column C that is absent from materialized 
page 1210. Because page 1210 lacks a column data block 
1230 for column C (and, consequently, lacks any ValueIDs for 
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this column), the core software platform 120 can populate 
memory array 1205 with a null value or a default value for this 
column. 
0071. A similar approach can be used to account for 
deleted columns. FIG. 13 illustrates a system 1300 that can 
include a memory array 1305. Memory array 1305 can ini 
tially include three columns of data (i.e., "Column A,” “Col 
umn B.’ and “Column C). System 1300 can also include a 
page 1310 that can have a page header 1315, column infor 
mation fields 1320, and column data blocks 1330. When page 
1310 is materialized, it can include column information fields 
1320 and column data blocks 1330 for columns A, B, and C. 
After page 1310 is materialized, a transaction thread can 
delete column C from the memory array 1305, as represented 
by the large “X” over this column. 
0072. During a system reload, the core software platform 
120 can compare the column identifiers in column informa 
tion fields 1320 to the columns in memory array 1305. In 
doing so, system 1300 can determine that page 1310 includes 
column information fields 1320 for columns A, B, and C. 
Because memory array 1305 also includes columns A and B, 
the core software platform 120 can copy the ValueIDs for 
these columns from column data blocks 1330 to memory 
array 1305 in order to restore these columns. However, 
because column C is deleted from memory array 1305, the 
core software platform 120 can skip over the corresponding 
column data block 1330 to prevent the copying of any Val 
ueIDs for this column to memory array 1305. 
0073 FIG. 14 is a flowchart for 1400 for performing a 
rollover. At 1410, an in-memory array can be maintained. 
This array can hold a column of data. In some implementa 
tions, this in-memory array can correspond to memory array 
805, for example. 
0074 At 1420, one or more pages can be maintained. In 
the implementation of FIG. 8, for example, these pages can 
correspond to pages 810A, 810B, and 810C. Each of these 
pages can include one or more rows (or row positions) for 
storing the column of data from the in-memory array. 
0075. At 1430, the column of data in the in-memory array 
can be monitored for a change. As described above with 
respect to FIGS. 10A and 10B, for example, this change can 
include an increase in the number of bits used to encode the 
ValueIDs in the in-memory array. 
0076. At 1440, a rollover can be performed on at least one 
of the pages based on this change. The rollover can reformat 
the page by rewriting its metadata. Doing so can reformat the 
page. In some implementations, this rollover process can be 
limited to unmaterialized pages. 
0077 One or more aspects or features of the subject matter 
described herein can be realized in digital electronic circuitry, 
integrated circuitry, specially designed application specific 
integrated circuits (ASICs), field programmable gate arrays 
(FPGAs) computer hardware, firmware, software, and/or 
combinations thereof. These various aspects or features can 
include implementation in one or more computer programs 
that are executable and/or interpretable on a programmable 
system including at least one programmable processor, which 
can be special or general purpose, coupled to receive data and 
instructions from, and to transmit data and instructions to, a 
storage system, at least one input device, and at least one 
output device. The programmable system or computing sys 
tem may include clients and servers. A client and server are 
generally remote from each other and typically interact 
through a communication network. The relationship of client 
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and server arises by virtue of computer programs running on 
the respective computers and having a client-server relation 
ship to each other. 
0078. These computer programs, which can also be 
referred to as programs, software, software applications, 
applications, components, or code, include machine instruc 
tions for a programmable processor, and can be implemented 
in a high-level procedural language, an object-oriented pro 
gramming language, a functional programming language, a 
logical programming language, and/or in assembly/machine 
language. As used herein, the term “machine-readable 
medium' refers to any computer program product, apparatus 
and/or device, such as for example magnetic discs, optical 
disks, memory, and Programmable Logic Devices (PLDs), 
used to provide machine instructions and/or data to a pro 
grammable processor, including a machine-readable medium 
that receives machine instructions as a machine-readable sig 
nal. The term “machine-readable signal” refers to any signal 
used to provide machine instructions and/or data to a pro 
grammable processor. The machine-readable medium can 
store such machine instructions non-transitorily, such as for 
example as would a non-transient solid-state memory or a 
magnetic hard drive or any equivalent storage medium. The 
machine-readable medium can alternatively or additionally 
Store Such machine instructions in a transient manner, such as 
for example as would a processor cache or other random 
access memory associated with one or more physical proces 
SOCOCS. 

0079. To provide for interaction with a user, one or more 
aspects or features of the subject matter described herein can 
be implemented on a computer having a display device, such 
as for example a cathode ray tube (CRT) or a liquid crystal 
display (LCD) or a light emitting diode (LED) monitor for 
displaying information to the user and a keyboard and a 
pointing device, such as for example a mouse or a trackball, 
by which the user may provide input to the computer. Other 
kinds of devices can be used to provide for interaction with a 
user as well. For example, feedback provided to the user can 
be any form of sensory feedback, such as for example visual 
feedback, auditory feedback, or tactile feedback; and input 
from the user may be received in any form, including, but not 
limited to, acoustic, speech, or tactile input. Other possible 
input devices include, but are not limited to, touch screens or 
other touch-sensitive devices such as single or multi-point 
resistive or capacitive trackpads, voice recognition hardware 
and Software, optical scanners, optical pointers, digital image 
capture devices and associated interpretation software, and 
the like. 

0080. In the descriptions above and in the claims, phrases 
such as "at least one of or "one or more of may occur 
followed by a conjunctive list of elements or features. The 
term “and/or” may also occur in a list of two or more elements 
or features. Unless otherwise implicitly or explicitly contra 
dicted by the context in which it is used, such a phrase is 
intended to mean any of the listed elements or features indi 
vidually or any of the recited elements or features in combi 
nation with any of the other recited elements or features. For 
example, the phrases “at least one of A and B:” “one or more 
of A and B:” and 'A and/or B' are each intended to mean “A 
alone, B alone, or A and B together.” A similar interpretation 
is also intended for lists including three or more items. For 
example, the phrases “at least one of A, B, and C:” “one or 
more of A, B, and C:” and "A, B, and/or Care each intended 
to mean "A alone, B alone, Calone, A and B together, A and 
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C together, B and C together, or A and B and C together.” In 
addition, use of the term “based on above and in the claims 
is intended to mean, “based at least in part on, such that an 
unrecited feature or element is also permissible. 
I0081. The subject matter described herein can be embod 
ied in systems, apparatus, methods, and/or articles depending 
on the desired configuration. The implementations set forth in 
the foregoing description do not represent all implementa 
tions consistent with the subject matter described herein. 
Instead, they are merely some examples consistent with 
aspects related to the described subject matter. Although a 
few variations have been described in detail above, other 
modifications or additions are possible. In particular, further 
features and/or variations can be provided in addition to those 
set forth herein. For example, the implementations described 
above can be directed to various combinations and subcom 
binations of the disclosed features and/or combinations and 
Subcombinations of several further features disclosed above. 
In addition, the logic flows depicted in the accompanying 
figures and/or described herein do not necessarily require the 
particular order shown, or sequential order, to achieve desir 
able results. Other implementations may be within the scope 
of the following claims. 
What is claimed is: 
1. A method for implementation by one or more data pro 

cessors forming part of at least one computing system, the 
method comprising: 

maintaining an in-memory array holding a column of data; 
maintaining one or more pages, each of the one or more 

pages having one or more rows for storing the column of 
data: 

monitoring a change in the column of data in the 
in-memory array; and 

performing a rollover on at least one of the one or more 
pages based on the change, the rollover reformatting the 
at least one page by rewriting metadata associated with 
the at least one page. 

2. The method of claim 1, wherein the change is an increase 
in a number of bits in a plurality of values in the column of 
data. 

3. The method of claim 1, wherein the rollover is performed 
only on pages that have not materialized, and 

wherein a page is materialized when a plurality of values in 
the column of data is copied from the in-memory array to 
the page. 

4. The method of claim 1 further comprising: 
determining whether the rollover requires one or more 

additional pages to accommodate the reformatting; and 
allocating the one or more additional pages before the 

rollover is performed. 
5. The method of claim 1, wherein the performing the 

rollover comprises: 
creating a new set of pages: 
formatting the new set of pages based on the rollover; 
materializing data from the in-memory array to the new set 

of pages: 
linking a last non-rolled over page to the new set of pages: 

and 
deleting the at least one page. 
6. The method of claim 1, further comprising loading the at 

least one page to the in-memory array during a system restart. 
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7. The method of claim 6, wherein the loading comprises: 
adding a new column to the in-memory array, a plurality of 

values in the new column populated with at least one of 
a null value and a default value. 

8. The method of claim 6, wherein the loading comprises: 
determining whether the column in the in-memory array 

has been deleted; and 
not copying data from the at least one page based on the 

determining. 
9. A non-transitory computer-readable medium containing 

instructions to configure a processor to perform operations 
comprising: 

maintaining an in-memory array holding a column of data; 
maintaining one or more pages, each of the one or more 

pages having one or more rows for storing the column of 
data; 

monitoring a change in the column of data in the 
in-memory array; and 

performing a rollover on at least one of the one or more 
pages based on the change, the rollover reformatting the 
at least one page by rewriting metadata associated with 
the at least one page. 

10. The non-transitory computer-readable medium of 
claim 9, wherein the change is an increase in a number of bits 
in a plurality of values in the column of data. 

11. The non-transitory computer-readable medium of 
claim 9, wherein the rollover is performed only on pages that 
have not materialized, and 

wherein a page is materialized when a plurality of values in 
the column of data is copied from the in-memory array to 
the page. 

12. The non-transitory computer-readable medium of 
claim 9, the operations further comprising: 

determining whether the rollover requires one or more 
additional pages to accommodate the reformatting; and 

allocating the one or more additional pages before the 
rollover is performed. 

13. The non-transitory computer-readable medium of 
claim 9, wherein the performing the rollover comprises: 

creating a new set of pages; 
formatting the new set of pages based on the rollover, 
materializing data from the in-memory array to the new set 

of pages: 
linking a last non-rolled over page to the new set of pages; 

and 
deleting the at least one page. 
14. The non-transitory computer-readable medium of 

claim 9, the operations further comprising loading the at least 
one page to the in-memory array during a system restart, 

wherein the loading comprises one or more of the follow 
ing: 
adding a new column to the in-memory array, a plurality 

of values in the new column populated with at least 
one of a null value and a default value, and 
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determining whether the column in the in-memory array 
has been deleted, wherein data is not copied from the 
at least one page based on the determining. 

15. A system comprising: 
at least one processor, and 
at least one memory, wherein the at least one processor and 

the at least one memory are configured to perform opera 
tions comprising: 

maintaining an in-memory array holding a column of data; 
maintaining one or more pages, each of the one or more 

pages having one or more rows for storing the column of 
data; 

monitoring a change in the column of data in the 
in-memory array; and 

performing a rollover on at least one of the one or more 
pages based on the change, the rollover reformatting the 
at least one page by rewriting metadata associated with 
the at least one page. 

16. The system of claim 15, wherein the change is an 
increase in a number of bits in a plurality of values in the 
column of data. 

17. The system of claim 15, wherein the rollover is per 
formed only on pages that have not materialized, and 

wherein a page is materialized when a plurality of values in 
the column of data is copied from the in-memory array to 
the page. 

18. The system of claim 15, the operations further com 
prising: 

determining whether the rollover requires one or more 
additional pages to accommodate the reformatting; and 

allocating the one or more additional pages before the 
rollover is performed. 

19. The system of claim 15, wherein the performing the 
rollover comprises: 

creating a new set of pages; 
formatting the new set of pages based on the rollover, 
materializing data from the in-memory array to the new set 

of pages: 
linking a last non-rolled over page to the new set of pages; 

and 
deleting the at least one page. 
20. The system of claim 15, the operations further com 

prising loading the at least one page to the in-memory array 
during a system restart, 

wherein the loading comprises one or more of the follow 
ing: 
adding a new column to the in-memory array, a plurality 

of values in the new column populated with at least 
one of a null value and a default value, and 

determining whether the column in the in-memory array 
has been deleted, wherein data is not copied from the 
at least one page based on the determining. 
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